We used data from 12 allozyme loci for two endemic Brassicaceae from Gran Canaria (the endangered narrow endemic Crambe tamadabensis and its more widespread congener C. pritzelii) to assess whether their genetic diversity patterns reflect their phylogenetic closeness and contrasting population sizes and distribution areas, and to derive conservation implications. Genetic diversity values are high for both species and slightly higher in C. tamadabensis, despite its narrow distribution in north-western Gran Canaria. At odds with the generally high interpopulation diversity levels reported in Canarian endemics, values of G ST in C. tamadabensis and C. pritzelii are rather low (0.067 and 0.126, respectively). We construe that the higher genetic structure detected in C. pritzelii is mainly a result of unbalanced allele frequencies and low population sizes at the edges of its distribution. The overall high allozyme variation detected in C. tamadabensis and C. pritzelii is nevertheless compatible with an incipient but consistent genetic differentiation between the two species, modulated by recurrent bottlenecks caused by grazing and drift. Our data suggest that conservation efforts aimed at maintaining the existing genetic connectivity in each species and ex situ conservation of seeds are the best strategies to conserve their genetic diversity.
INTRODUCTION
Island species are considered to be more prone to extinction and to have lower levels of genetic diversity than their continental congeners, mainly as a result of genetic drift and inbreeding fostered by founder effects and, in many cases, limited gene flow (Ellstrand & Elland, 1993; Frankham, 1997 Frankham, , 1998 . The general assumption of low genetic diversity in insular taxa and populations dates back to Stebbins (1942) , and the low neutral genetic variation levels often reported for insular endemics are considered to be a collateral effect of rarity (Barrett & Kohn, 1991; Frankham, 1997) . Since the seminal allozyme studies on endemics of oceanic archipelagos (e.g. Crawford, Stuessy & Silva, 1987a; DeJoode & Wendel, 1992) , it has generally been assumed that rare and insular species hold overall lower levels of genetic variation than common continental species (Karron, 1987; Hamrick & Godt, 1989) and show a high genetic identity with their insular congeners, despite clear morphological and ecological differences (Crawford et al., 2006) . Another general tenet derived from allozyme studies of oceanic island species is that most genetic diversity is explained by differences among populations (DeJoode & Wendel, 1992; FranciscoOrtega et al., 2000; Crawford et al., 2001) .
Nevertheless, as first noted by Stebbins (1980) , allozyme studies of some rare species have revealed levels of variability similar to those of their widespread congeners (e.g. Lewis & Crawford, 1995; Smith & Pham, 1996; Young & Brown, 1996) . More recently, Gitzendanner & Soltis (2000) have suggested that the view that rare species have less genetic variability than more widespread species may be an over-generalization and that phylogenetic history must be accounted for in population genetic comparisons, rather than using phylogenetically independent or distant taxa.
Ongoing investigations by our group seem to confirm that insular endemics do not necessarily have less genetic variation than their mainland congeners (see Garc ıa-Verdugo et al., 2014) . Furthermore, the general hypothesis that interpopulation genetic variation is much higher in island endemics is at odds with the finding of low interpopulation genetic diversity in species featuring high genetic diversity levels. An investigation of Canarian endemics (Caujap e-Castells, 2010) has strongly suggested that the detection of high levels of genetic fragmentation, as measured by G ST (Nei, 1973) or F ST (Wright, 1951) , may be strongly influenced by a spatially non-representative intrapopulation sampling.
Crambe L. section Dendrocrambe DC. forms a monophyletic group of 14 species (Francisco-Ortega et al., 2002; Prina & Mart ınez-Laborde, 2008) endemic to the Canarian and Madeiran archipelagos (nearly all species are single island endemics). Crambe tamadabensis A.Prina & Marrero Rodr. and C. pritzelii Bolle are two closely related endemics to the island of Gran Canaria which, with C. santosii Bramwell, C. strigosa L'H er. and C. wildpretii Prina & Bramwell (from La Palma, Tenerife and La Gomera, respectively), formed a monophyletic (albeit poorly resolved) crown group in a phylogenetic analysis of the genus based on internal transcribed spacer (ITS) (Francisco-Ortega et al., 2002) . Crambe tamadabensis has been described recently (Prina & Marrero, 2001 ) from vouchers that had been previously ascribed to C. pritzelii. It is confined to a few populations in north-western Gran Canaria, whereas C. pritzelii consists of fragmented populations widespread throughout the north-eastern half of the island (Fig. 1) .
Northern Gran Canaria has been historically much more populated by humans than the southern part, and has suffered many changes in land use that have had a severe negative impact on its vegetation (K€ ammer, 1979; Aguilera et al., 1994) . At present, most of the original thermosclerophyllous woodlands in which C. pritzelii and C. tamadabensis occur only exist in the form of secondary vegetation patches (if at all), and some populations of C. pritzelii known since the 19th century are nowadays probably extinct (Soto, 2016) . Thus, it appears that the main reasons for the historical decline of these Crambe spp. in Gran Canaria are changes in land use associated with agricultural expansion and overgrazing; these plants are among the most palatable to goats and some of the first to disappear in the accessible parts of a community grazed by these animals (Marrero & Navarro, 2003; Santana, Naranjo & Soto, 2009 ). Thus, although some populations have attained a considerable census size in parallel with the decrease in domestic cattle in recent decades, others remain small, most probably because of the persistence of goats and rabbits in their distribution areas (Soto, 2016) .
In this investigation, we provide the first exhaustive assessment of the levels and distribution of allozyme genetic diversity in a comprehensive sample of C. tamadabensis and C. pritzelii with two objectives. First, we explore whether these neutral genetic markers detect population genetic differences between these two phylogenetically close Crambe spp., or whether their incipient evolutionary divergence is only manifested by morphological differences and putative phenological barriers. Second, we aim to put forward conservation guidelines consistent with our population genetic findings.
MATERIAL AND METHODS

PLANT MATERIAL
Crambe pritzelii [2n = 30 (Ortega & Navarro, 1977) , with basic chromosome number x = 15 (Warwick & Al-Shehbaz, 2006) ] is a woody shrub with c. 15 known populations in Gran Canaria and an estimated census size of c. 69 000 individuals overall (Santana et al., 2009) . It can reach > 1.5 m in height and possesses dry and spiny stems, large and rough lanceolate-elliptical leaves with dentate, pointed edges. It has paniculate and profusely ramified inflorescences with small, white flowers; the fruit is a small silicula with a tetragonous lower half and an ovate, elliptical and apiculate upper half. It inhabits basaltic, phonolitic and traquitic soils in shady places between 200 and 1500 m a.s.l. in north-western, northern and eastern Gran Canaria, always facing the humid north-eastern trade winds. It is found on deep and steep soils where it may become large. It is endangered [EN B1ab(iii,v) + 2ab(iii,v); IUCN, 2015] .
Crambe tamadabensis has four known populations in north-western Gran Canaria, with an estimated census size of 13 400 individuals overall (Table 1) . It is a microphanerophyte with glabrous stems and obovate-lanceolate, almost glabrous, leaves, wich are smaller than C. pritzelii's. The inflorescences are glabrous and graceful with smaller flowers and fruits (the latter also more apiculate) than C. pritzelii. It appears to prefer rupiculous habitats, exclusively related to phonolitic and traquitic rocks of the shield stage in north-western Gran Canaria, with estimated ages of 13.4-9.7 Myr (Prina & Marrero, 2001) . It grows on shady and partially sunny slopes facing north, west, south-west and east, between 250 and 1000 m a.s.l. It is critically endangered [CR B1ab(iii) + 2ab(iii); IUCN, 2015] .
Although no reproductive biology studies exist for either species, some experimental data show autoincompatibility in their congener C. tatarica Willd. (East, 1940; Fryxell, 1957) , whereas Scott & Randall (1976) reported both outcrossing and selfing in C. maritima L. Moreover, high auto-incompatibility has been shown in the Canarian endemic C. arborea Webb ex Christ (Calero & Santos, 1988) . The fact that a homomorphic sporophytic self-incompatibility system has been reported for many Brassicaceae (Gibbs, 1986 (Gibbs, , 1988 Barrett, 1988; Byers & Meagher, 1992; Richards, 1997) leads us to consider that both C. tamadabensis and C. pritzelii are probably predominantly outcrossers.
SAMPLING
Leaf buds of 721 individuals were collected from the only four known populations of C. tamadabensis and from eight natural populations of C. pritzelii (Fig. 1 , Table 1 ). Whilst sampling these, we found that one population previously ascribed to C. pritzelii fits morphologically with C. tamadabensis, and so we considered it as a population of the latter species in subsequent analyses (CTSI in Table 1 , in the northwestern sector of the island where both species overlap).
Sampling was always preceded by a thorough inspection of plant distribution in each population and was carried out along transects that covered their whole estimated occupancy area, following Caujap e-Castells (2006) . In small or homogeneous populations, a single transect was made that covered the whole plant occupancy area; in large and complex populations, different transects were considered. Shields et al., 1983) resolved glutamate-oxalacetate-transaminase (GOT, EC 2.6.1.1.) and malic enzyme (ME, EC 1.1.1.40). Staining recipes were based on Ar us (1983), Murphy et al. (1996) and Wendel & Weeden (1989) , with slight modifications in substrate amounts and final pH to enhance band resolution.
DATA INTERPRETATION
Twelve interpretable loci were scored (Est-1, Got-1, Got-2, Idh-1, Mdh-1, Mdh-2, Mdh-3, Me-1, Mnr-1, Pgi-1, Pgm-1 and Pgm-2). For each enzyme, the loci and their associated alleles were labelled following the numeric and alphabetic code (respectively), beginning from the most anodal electromorph. Checking of allele mobilities was carried out by sideto-side comparisons of different electromorphs on the same gel. The number and intensity of bands for almost all cases agreed with the expected quaternary structures of the corresponding enzymes and with the hypothesis of Mendelian co-dominance (Wendel & Weeden, 1989) . Therefore, banding patterns were interpreted according to standard practice of Mendelian inheritance for diploid plants. Nevertheless, some enzymes exhibited indirect evidence of duplications, such as: (1) the detection of more loci than expected in PGM [three instead of two (see Soltis, Soltis & Gottlieb, 1987; Wendel & Weeden, 1989; Kephart, 1990) ]; (2) the appearance of several unbalanced heterozygous patterns for loci Est-1, Idh-1, Mdh-1, Mdh-3, Mnr-1, Pgm-1 and Pgm-2; (3) the detection of more electromorphs than expected in a few individuals for Got-1, Got-2, Mdh-1 and Mdh-3; and (4) the existence of 'ghost bands' or weak electromorphs in Est-1, Idh-1 and Mdh-3 that might correspond to old duplications in the process of silencing (Kephart, 1990; Anderson & Warwick, 1999; Williamson & Werth, 1999) . On the whole, however, these variations represented < 5% of the samples subjected to analysis and are therefore unlikely to distort the interpretations in accordance with the previously mentioned assumptions. The resulting genotype matrix was imported to Transformer-4 (T4; Caujap e-Castells et al., 2013) to produce the input files needed to run most of the software programs used for data analyses. The georeferenced genotype matrix used in this article and other relevant information can be found in the genetic diversity digest coded D-ALLOZ-100 (Soto, 2015) in the Demiurge information system (http:// www.demiurge-project.org/matrix_digests/100).
DATA ANALYSIS
Hardy-Weinberg equilibrium and Ewens-Watterson (Watterson, 1978) neutrality tests per locus and population, the number of alleles per locus (A l ), effective number of alleles per locus (A e ), percentage of polymorphic loci (P) [0.95 criterion], observed and expected heterozygosities (H o and H e ; Levene, 1949) , mean fixation index (F IS ; Wright, 1978) for all polymorphic loci, Nei's (1978) pair-wise unbiased genetic identities and distances among populations, and Nei's (1987) F-statistics were obtained using Popgene 1.32 (Yeh et al., 1997 ). Nei's (1973) G ST was calculated using FSTAT version 2.9.3.2 (Goudet, 2002) . To estimate gene flow, we used the method of private alleles developed by Slatkin (1985) as implemented in Genepop (Raymond & Rousset, 1995) , and Wright's (1951) method as implemented in Popgene 1.32 (Yeh et al., 1997) .
We applied the test proposed by Cornuet & Luikart (1996) to detect recent historical bottlenecks using the software Bottleneck-PC (Piry, Luikart & Cornuet, 1998) under the independent allele model (IAM). The rationale of this test is that, as the allele number is reduced more rapidly than gene diversity in a population that has experienced a recent reduction in its effective size, the observed gene diversity (H e ) will be higher than the expected equilibrium gene diversity (H eq ) under the test assumptions .
Allele frequencies were subjected to a principal component analysis (PCA) using the software XLSTAT version 7.5.2 (XLSTAT, 2004). We also evaluated the possible influence of 'isolation by distance' (IBD) on interpopulation differentiation through a Mantel (1967) test between genetic and geographical distance matrices, using the program NTSYS-pc version 2.02j (Rohlf, 1998) . We carried out an analysis of molecular variance (AMOVA) with Arlequin v. 2.0 (Schneider, Roessli & Excoffier, 2000) to explore the degree and significance of population genetic structure between the two taxa; significance levels were obtained by nonparametric permutations using 16 000 replicates, as suggested by Schneider et al. (2000) .
To determine the number of genetically distinguishable clusters in the sampled populations, we applied the Bayesian approach implemented in STRUCTURE 2.3.1 (Pritchard, Stephens & Donnelly, 2000) , which estimates the likelihood of the individuals being structured in a given number of groups (K) in the absence of previous population information, and provides the proportion of membership (q) of each individual in a given genetic cluster. The program was run ten times from K = 1 to K = 12; each run consisted of 100 000 iterations of burn-in followed by 1 000 000 Monte Carlo Markov chain (MCMC) iterations. The true value of K was estimated by the maximum value of DK, following the method in Evanno, Regnaut & Goudet (2005) . The admixture ancestry model with correlated allele frequencies (Falush, Stephens & Pritchard, 2003) was selected as the most appropriate option for the analysis, as it is considerably flexible and often improves clustering for closely related populations (Pritchard, Wen & Falush, 2010) , such as those of C. tamadabensis and C. pritzelii. We also activated the LOCPRIOR model (Hubisz et al., 2009) , which uses sampling locations as prior information to improve clustering in datasets where the signal of structure may be relatively weak.
To explore the boundaries of genetic differentiation among populations and to compare these with the STRUCTURE results, we used the software BARRIER version 2.2 (Manni, Gu erard & Heyer, 2004) , which maps genetic barriers using Delaunai's triangulation (Brassel & Reif, 1979) and Monmonier's (1973) algorithm. To assign a barrier, this algorithm applies the 'maximum difference' criterion of the given distance measure among the edges of neighbouring populations and iterates the process across adjacent edges until a boundary is formed . We used Nei's (1978) unbiased genetic distance matrix between all population pairs, and we chose the 'virtual points' option to avoid the detection of false barriers caused by genetic distances among remote populations (see . The robustness of the computed barriers was assessed with 100 bootstrap replicates prior to barrier validation, following . Only barriers supported by bootstrap values higher than 50% were considered.
RESULTS
Fifty-five alleles were scored for the 12 interpreted loci (see Appendix 2). Only two loci (Me-1 and Mdh-2) were monomorphic throughout the 12 populations. Eight of the alleles in polymorphic loci were exclusive to C. tamadabensis (Idh-1c, Mnr-1c, Mnr1d, Mdh-1b, Mdh-3d, Mdh-3f, Got-1a, Got-1d) and eight were exclusive to C. pritzelii . No private alleles were either monomorphic or present in all populations of the corresponding taxa; therefore, they are of no diagnostic value.
Overall, high levels of genetic diversity were detected across all populations of the two species (Table 2) , with the populations of Tamadaba (CTTA) (A l = 3.4; P = 83.3; H o = 0.320; H e = 0.411) and Tenteniguada (CPTE) (A l = 3.4; P = 75.0; H o = 0.329; H e = 0.397) showing the highest allozyme diversity values. The lowest genetic variation was detected in population 'Riscos Jim enez' of C. pritzelii (A l = 1.9; P = 41.7; H o = 0.178; H e = 0.168). On average, C. tamadabensis displayed higher genetic variation values (A l = 2.9; P = 81.2; H o = 0.298; H e = 0.401) than C. pritzelii (A l = 2.7; P = 66.7; H o = 0.259; H e = 0.322), despite its much more restricted distribution. All populations of C. tamadabensis and three populations of C. pritzeli showed evidence of a recent bottleneck according to the test of Cornuet & Luikart (1996) (Table 2 ). The fixation index (F IS ) was slightly higher than zero in both taxa (0.237 and 0.192 for C. tamadabensis and C. pritzelii, respectively), indicating a heterozygote deficiency. Consistently, deviations of Hardy-Weinberg proportions were detected in some populations (data not shown). All loci could be considered neutral according to Ewens-Watterson tests (data not shown).
The five most variable populations of C. pritzelii formed a distinctive group differentiated from the least variable ones (CPJI and CPGA) on the scatter diagram defined by the first two PCA axes. These two components explained 54.63% of the variance among populations (Fig. 2) . All populations of C. tamadabensis formed another distinct group that did not overlap with the populations of C. pritzelii. The interpopulation apportionment of genetic variation, as inferred from Nei's (1973) G ST , was much lower for C. tamadabensis
Genetic identities between population pairs of the same species (I NEI = 0.929 AE 0.027 for C. tamadabensis and I NEI = 0.923 AE 0.043 for C. pritzelii) were significantly higher than the average genetic identity between population pairs of both taxa (I NEI = 0.877 AE 0.034) (P < 0.0001, Kruskal-Wallis test).
The AMOVA (Table 3 ) detected a substantial and significant within-population genetic variation (80.25%, P < 0.001). The variability between taxa was lower, but still significant (8.84% of the total variation, P < 0.001). The variability among populations of the same taxon was 10.91% (P < 0.001). Overall, the Mantel test supported a weak IBD (r = 0.391, P < 0.01), which was slightly higher within C. pritzelii (r = 0.503, P < 0.05; data not shown).
The average gene flow between population pairs with Wright's (1951) method was four-fold higher than that estimated by the private alleles method (N m = 3.526 vs. N m = 0.874, Table 4 ). The values obtained through Wright's method were significantly higher between population pairs of the same species (N m = 5.126 for C. tamadabensis and N m = 4.373 for C. pritzelii) than between population pairs of different species (N m = 2.484; P < 0.05, Kruskal-Wallis test). There was no difference between mean intraand interspecific gene flow by private alleles (N m = 1.209, 0.846 and 0.835, respectively; P = 0.186, Kruskal-Wallis test).
DK following Evanno et al. (2005) showed a maximum for K = 3, indicating that there are three main genetic clusters (I, II and III in Fig. 3 ) in the model pre-defined by STRUCTURE. Whereas all populations of C. tamadabensis could be assigned unambiguously to cluster I (q = 0.808-0.939), the assignment of the five most variable populations of C. pritzelii to clusters II or III was difficult because they had similar membership coefficients (Fig. 3) . These populations also showed small to moderate coefficients of admixture to cluster I (q = 0.042-0.223). BARRIER analysis based on Nei's (1978) genetic distances strongly supported (high bootstrap values) only one major genetic barrier separating the populations of both species into two main groups (D NEI = 0.136-0.099, Fig. 3 ). Other barriers were not supported by bootstrap values (Fig. 3) .
DISCUSSION LEVELS OF GENETIC VARIABILITY
The overall levels of allozyme variation detected for C. tamadabensis and C. pritzelii are comparatively much higher than the average values reported for endemic plants in general (A l = 1.39; P = 26.0; H e = 0.063; Hamrick & Godt, 1989) . These unexpectedly high levels of intrapopulation genetic diversity are even more noteworthy when compared with other studies involving narrow endemic island species (e.g. L opez-Pujol et al., 2013). The detected values are slightly higher than those obtained in other Canarian Brassicaceae sampled exhaustively (Table 2) . Thus, as in these other cases, the estimates of intrapopulation genetic variation in Crambe spp. are substantially higher than the averages for the Canarian endemics included in the review of Possibly, the phylogenetic assignment of these taxa also contributes to their high genetic variation (Webb, 1984; Karron, 1987 Karron, , 1988 Gitzendanner & Soltis, 2000) , as previous studies of population genetic variability in tribe Brassiceae have found overall high levels of genetic variation and moderate among-population variability, e.g. in C. maritima (with inter-simple sequence repeat (ISSRs); Bond, Daniels & Bioret, 2005) , Raphanus raphanistrum L. (with isozymes; Kercher & Conner, 1996) , Brassica oleracea L. (with isozymes and randomly amplified polymorphic DNA (RAPDs); Lann er- Herrera et al., 1996) or the B. oleracea complex (with isozymes; L azaro & Aguinagalde, 1998). In the cases of C. maritima and R. raphanistrum, self-incompatibility is argued to be one of the possible causes to explain both high variability and low differentiation among populations. Although there are no reproductive biology studies available for these Crambe spp., we believe that they can be tentatively considered as self-incompatible (see Methods), as reported for species of other Canarian endemic outcrossing Brassicaceae, including Parolinia Webb (Fern andezPalacios, 2009) and Descurainia Webb & Berthel (Goodson, Santos-Guerra & Jansen, 2006) .
The narrowly distributed C. tamadabensis maintains substantially higher average levels of population genetic variation than the more widespread C. pritzelii and the same number of private alleles. Despite all populations of C. tamadabensis and some of C. pritzelii showing evidence of genetic bottlenecks (Table 2) , both taxa have similar population sizes (generally > 500 individuals per population, Table 1 ) on secluded cliffs that may have acted as refugia. Only two populations of C. pritzelii (CPJI and CPGA) showed a loss of variability associated with small population sizes. A similar example in the same tribe is found in Brassica L. (L azaro & Aguinagalde, 1998), in which low genetic diversity is found in several narrow endemics and in some extremely small populations of common species. As in C. tamadabensis, the Canarian endemic B. bourgeaui Kuntze possesses high levels of isozyme variation (L azaro & Aguinagalde, 1998) , although it only consists of a single small population on La Palma. As we sampled exhaustively the whole distribution area of all populations, it seems that the moderately high fixation indices (F IS , Table 2 ) detected in our study indicate a strong within-population genetic structure, rather than other processes which may lead to homozygote excess (e.g. the Wahlund effect, which implies the grouping of individuals that belong to independent reproductive cohorts as a sole population).
GENETIC VARIATION AND STRUCTURE
The interpopulation apportionment of genetic variability, as inferred from Nei's G ST values (0.067 for C. tamadabensis and 0.126 for C. pritzelii) and AMOVA results (Table 3) In C. pritzelii, the two least variable populations (CPJI, CPGA) account for most of the species interpopulation divergence as estimated by G ST (see also PCA, Fig. 2) . Thus, the genetic divergence within this species seems to reflect both: (1) the effects of population fragmentation, more probably in the surroundings of CPJI (at the edge of the distribution area of the species), where several populations that once occurred nearby were not sampled in the present study because they no longer exist, and (2) relatively recent founder events. The latter possibility is more probable in populations such as CPGA, situated in the isolated Amurga massif, in south-eastern Gran Canaria. Indeed, CPJI and CPGA seem to account for the low correlation detected between geographical and genetic distances in the Mantel test (data not shown).
Some of the lowest values of N m obtained with the private alleles method occur among genetically close populations (Table 4) . Feasibly, this result is a consequence of recurrent bottlenecks that may have affected most populations examined (Table 2) , as suggested by the detection in each taxon of exclusive alleles that are not present in all populations (Appendix 2). This scenario is in conflict with the generalized high levels of gene flow inferred by Table 4 . Estimates of N m between all pair-wise combinations of populations, as inferred by the private allele method (Slatkin, 1985 ; above the diagonal) and Wright's F-statistics (Wright, 1951;  Wright's (1951) F-statistics (Table 4) . Despite criticisms by Bossart & Prowell (1998) , Whitlock & McCauley (1999) and Jost (2008) , indirect measures of gene flow are meaningful when they are used as a comparative measure of population divergence, and they have provided relevant comparisons in many cases (Waples, 1987; Slatkin & Barton, 1989; Cockerham & Weir, 1993; Bohonak et al., 1998; Bohonak, 1999; Neigel, 2002) . The practical problems in estimating rare allele frequencies in electrophoretic studies (as observed previously by Waples, 1987) suggest that F ST is likely to be a more relevant comparative method than the private allele approach (Slatkin & Barton, 1989) . Therefore, we contend that levels of interpopulation gene flow within either Crambe sp. are high overall.
The populations of C. tamadabensis are genetically homogeneous according to STRUCTURE analysis (Fig. 3) . In contrast, those of C. pritzelii show higher levels of admixture and their members are mostly assigned to two clusters. As shown by Rosenberg et al. (2002) , the STRUCTURE software detected first isolated populations with lower variability (CPJI and CPGA), whereas individuals of highly variable populations have partial memberships in both clusters, probably reflecting genetic admixture of neighbouring populations, consistent with the scenario of high levels of gene flow. Our interpretation of these results is that the two least variable populations of C. pritzelii diverge so much in allele frequencies that they interfere in the estimation of the number of clusters. Notably, populations CPJI and CPGA are C. tamadabensis C. pritzelii two of three (the third being Azuaje, CPAZ) assigned unambiguously by the program to clusters II or III. In contrast, the results obtained with the software BARRIER do not support a strong gene disruption among populations of C. pritzelii, because of the lower genetic distances among CPJI, CPGA and neighbouring populations with respect to those among interspecific populations.
In these two Crambe spp., the average genetic identities between and within taxa are significantly different (I NEI = 0.877 and I NEI = 0.929-0.923, respectively) and the average genetic identity between them is closely similar to the interspecific values found in other Canarian endemics, such as Parolinia As argued by Crawford et al. (2006) , the incipient intra-and interspecific genetic divergence detected in C. pritzelii and C. tamadabensis probably followed rapid morphological differentiation. We believe that this process may have been aided by the appearance of phenological barriers (we did not detect hybrids, even though several populations of these species are spatially close). The explanation often invoked for the high similarity at allozyme loci among congeneric oceanic island species is that recent and rapid radiation following establishment has been too fast to allow for substantial differences at neutral or nearneutral allozyme loci (Crawford, Whitkus & Stuessy, 1987b; Crawford & Stuessy, 1997) .
Thus, partially at odds with the phylogenetic closeness found with ITS by Francisco-Ortega et al. (2002) , the high allozyme variation detected in C. tamadabensis and C. pritzelii points towards an incipient, but consistent, genetic differentiation probably influenced by recurrent bottlenecks. Despite the fact that populations of C. tamadabensis occur in the oldest parts of Gran Canaria, we argue that these species represent a recent speciation event, tentatively from an ancestor closely related to C. scoparia Svent. (Francisco-Ortega et al., 2002) . In this context, it appears that the genetic similarity between some populations of C. tamadabensis and C. pritzelii is a reflection of ancestral gene flow and recent speciation (see Table 4 ).
CONSERVATION IMPLICATIONS
Despite both species having succeeded in maintaining high neutral genetic variation and within-species interpopulation cohesion (Tables 2 and 3 ), the general impact of intensive human activities (related to grazing by introduced herbivores, deforestation and agriculture) may have affected them overall. Even the largest populations in this study have been subjected to historical fluctuations in size, as also reflected by the bottleneck tests (Table 2) . Consequently, the overall high values of the genetic diversity indicators are best interpreted as the effect of overall high levels of interpopulation gene flow.
In this context, the fact that some small populations (such as CPAN or CPAG2 in C. pritzelii) contain higher levels of genetic variability than other populations of similar size, such as CPJI and CPGA (Tables 1 and 2) , is feasibly a result of their spatial proximity to large, highly variable conspecific populations, which fosters the incorporation of genetic variation through high levels of gene flow (Table 4) . Consequently, environmental stochasticity jeopardizes population survival only when it generates small isolates that cannot maintain sufficient levels of gene flow with other populations, as detected with Atractylis preauxiana Sch.Bip. (Asteraceae) by Caujap e-Castells et al. (2008) .
Our results therefore suggest that these Crambe spp. have a remarkable capacity for a fast demographic and genetic recovery if the current high levels of within-species gene flow are preserved, and suggest that in situ protection and control of grazing will be the most effective ways to protect these species. As underscored earlier, these taxa still contain high levels of neutral genetic variation, which should be preserved ex situ in the germplasm bank at JBCVC-CSIC for use in future reinforcements or reintroductions, following the indications in Bacchetta et al. (2008) . According to the formula P = 1 À (G ST )
n (Hamrick et al., 1991) , the minimum numbers of populations (n) needed to conserve 99% of the detected genetic variability in C. tamadabensis and C. pritzelii are two and three, respectively. We thus suggest the intensive collection of seeds in populations CTTA and CTGU for C. tamadabensis and CPAG1, CPTE and CPAN for C. pritzelii. These populations display the highest values of expected heterozygosity in their respective species, and are thus those that warrant the representation of most natural genetic diversity in ex situ facilities.
As we aim to maintain the existing genetic connectivity in these species as the most appropriate in situ conservation strategy, the above-mentioned populations plus CPGY are also those on which conservation efforts should be mainly focused, as they contribute most to the current genetic cohesion in their respective species [G ST (Nei, 1973) , h (Weir & Cockerham, 1984) , see Appendix 3]. However, we believe that the isolated population CPGA also deserves special in situ protection, because it is genetically and ecologically distinct.
Apart from these guidelines based on the neutral markers used, it is important to attempt to identify the genetic basis and to conserve adaptive traits (i.e. selectively important variation), as suggested in several recent investigations (Ouborg et al., 2010; Hunter, Wright & Bomblies, 2013; Schl€ otterer et al., 2015) .
Finally, as extensively argued in other conservation works for Canarian endemics (e.g. Rumeu et al., 2014) , the success of these suggested in situ guidelines is contingent upon the implementation of actions that effectively enforce habitat protection through the eradication of the impact of introduced vertebrate herbivores (especially feral goats and rabbits). These actions should be accompanied by new research on the effect of grazing on these species (such as the fenced enclosure of control populations).
